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（UWB, ultra-wideband）和无线传感器网络（WSN, wireless sensor network）为
出发点，对基于调频差分混沌移位键控（FM-DCSK, frequency-modulated 
differential chaos shift keying）调制的 UWB 系统的定时同步和 WSN 的时间同步




（1）针对 FM-DCSK UWB 通信系统，提出了一种基于训练序列的定时同步
算法。该算法利用了系统中混沌信号自相关性强、互相关性弱这一性质。仿真结
果表明：基于提出的同步算法，FM-DCSK UWB 通信系统的误码率（BER, bit error 
rate）性能非常接近于完美同步时的系统性能。提出的算法与传统的算法相比，
具有同步速度快和计算复杂度低的优点。 




















































With the development of information technology, internet of things gradually 
becomes the third innovation wave of information technology. Based on the 
traditional internet, internet of things can realize the information exchange from 
human to things and from things to things in the future. 
This dissertation is motivated by the transmission and sensing techniques of the 
infrastructure of internet of things. Focusing on the ultra-wideband (UWB) 
communications and wireless sensor networks (WSNs) of the transmission techniques, 
timing synchronization for the frequency-modulated differential chaos shift keying 
(FM-DCSK) UWB and time synchronization for WSNs are studied, and focusing on 
radio frequency identification (RFID) of the sensing techniques, the improvements of 
the read range, data transmission performance and throughput of the ultra-high 
frequency (UHF) RFID systems are studied by inducing the multiple-antenna 
configuration. The main contributions of the dissertation include following aspects: 
(1) A timing synchronization algorithm based on the training sequence is 
proposed for the FM-DCSK UWB systems, which capitalizes on the excellent 
correlation characteristic of chaotic signals. Simulation results show that the BER 
performance of the systems based on the proposed timing algorithm is fairly close to 
that of perfect timing. Moreover, the new algorithm offers faster synchronization and 
lower computational complexity than the conventional one for transmitted reference 
(TR) UWB systems. 
(2) Theoretical analysis is presented with regard to the effect of timing error on 
the BER performance of the FM-DCSK UWB communication systems. Timing error 
is classified as earlier timing error and later timing error. It is shown that the later 
timing error causes much more seriously BER performance degradation than the 
















(3) An energy-efficient time synchronization scheme for WSN is proposed based 
on the pulse coupled oscillator (PCO) model. A sleep-wake mechanism is introduced 
to the classical PCO-based synchronization scheme to conserve the energy of the 
sensor nodes during synchronization. The propose sleep-wake mechanism is first 
examined under the instant coupling condition. The results show that proposed 
mechanism can achieve faster synchronization and less energy consumption. Then the 
propose sleep-wake mechanism is investigated under the multiple delay environment. 
It is found that the mechanism can achieve stable synchronization. Finally, by 
modeling the battery states of the sensor nodes, the proposed scheme is applied to 
WSNs with energy harvesting capability. 
(4) A passive UHF RFID system is studied that employs multiple antennas at the 
reader and single antenna at each tag. The reader interrogation range, data 
transmission performance, tag quantity estimation and system throughput have been 
investigated. Simulation results indicate that under the multiple-antenna configuration, 
the interrogation range is increased substantially. With the proposed blind adaptive 
beamforming (BABF) algorithm, the packet error rate (PER) performance of the data 
transmission approaches the optimal beamforming performance without channel 
estimation. The proposed tag quantity estimator can estimate the tag quatity accurately, 
thus increasing the throughput of the system under the multiple-antenna 
configuration. 
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缩 略 词 
AT: accurate timing 
Auto-ID: auto identification 
AWGN: additive white Gaussian noise 
BABF: blind adaptive beamforming 
BER: bit error rate 
CDMA: time division multiple access 
CRC: cyclic redundancy check 
CRE: collision ratio estimation 
CSI: channel state information 
CW: continuous wave 
DMTS: delay measurement time synchronization 
EBF: equal-weight beamforming 
EGC: equal gain combining 
EPC: electronic product code 
ET: earlier timing 
FCC: federal communication committee 
FLL: forward link limited 
FM-DCSK: frequency-modulated differential chaos shift keying 
FTSP: flooding time synchronization protocol 
GPS: global positioning system 
HF: high frequency 
HVAC: heating, ventilation and air conditioning 
IAS: integrate-and-square 
IEEE: institute of electrical and electronics engineer 
IR: impulse radio 
















LT: later timing 
M2M: machine to machine 
MA: multiple antennas 
MAC: media access control 
ME: multinomial estimation 
MIMO: multiple-input multiple-output 
MRC: maximal ratio combining 
MSE: mean square error 
MSPRT: multi-hypothesis sequential probability ratio test 
MW: microwave 
NLOS: non-line-of-sight 
NTP: network time protocol 
OBF: optimal beamforming 
OFDM: orthogonal frequency-division multiplexing 
PC/XPC: protocol control /extended protocol control 
PCO: pulse coupled oscillator 
PDP: power delay profile 
PDP: power delay profile 
PER: packet error rate 
PHY: physical layer 
PT: perfect timing 
RBS: reference-broadcast synchronization 
RBF: random beamforming 
RC-SPRT: reduced complexity sequential probability ratio test 
RCS: radar cross-section 
RFID: radio frequency identification 
RLL: reverse link limited 
















SISO: single-input single-output 
SNR: signal-to-noise ratio 
TPSN: timing-sync protocol for sensor networks 
TR: transmitted-reference 
UHF: ultra-high frequency 
UWB: ultra-wideband 
WBAN: wireless body area network 
WPAN: wireless personal area network 
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